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NATIONAL  FOREWORD 

This  Indian  Standard,  which  is  identical  with  I  EC  Pub  1079  - 1  ;  1992  'Mehods  of  measurement  on  receivers  for 
satellite  broadcast  transmissions  in  the  12  GHz  band,  Part  1  :  Radio  frequency  measurements  on  outdoor  units' 
issued  by  the  international  Electrotechnical  Commission  (lEC)  was  adopted  by  the  Bureau  of  Indian  Standards  on 
the  recommendation  of  Radio  Communications  Sectional  Committtee  (LTD  20)  andapproval  of  the  Electronics  and 
Telecommunication  Division  Council. 

The  text  of  the  lEC  standard  has  been  approved  as  suitable  for  publication  as  Indian  Standard  without  deviations. 
Certain  conventions  are,  however,  not  identical  to  those  used  in  Indian  Standards.  Attention  is  particularly  drawn 
to  the  following: 

a)  Wherever  the  words  'International  Standard'  appear  referring  to  this  standard,  they  should  be  read  as 
'Indian  Standard'. 

b)  Comma  {,)  has  been  used  as  a  decimal  marker  while  in  Indian  Standards,  the  current  practice  is  to  use 
a  point  {.)  as  the  decimal  marker. 

CROSS  REFERENCES 

In  the  adopted  standard,  reference  appears  to  certain  international  Standards  for  which  Indian  Standards  also  exist. 
The  corresponding  Indian  Standards  whteh  are  to  be  substituted  in  theirplace  are  listed  below  along  with  theirdegree 
of  equivalence  for  the  editions  indicated: 


International 
Standard 

lECPub  1079-2: 1992  Methods 
of  measurement  on  receivers 
for  satellite  broadcast 
transmission  In  the  12  GHz 
band.  Part  2:  Electrical 
measurements  on  DBS  tuner 
units. 


Corresponding  Indian 
Standard 

IS  13986  (Part  2)  :1994  Methods  of 
nneasurement  on  receivers  for  satel- 
lite broadcast  transmission  in  the  12 
GHz  band  :  Part  2  Electrical  mea- 
surements on  DBS  tuner  units 


Degree  of 
Equivalence 

Identical 


The  technical  committee  responsible  forthe  preparation  of  this  standard  has  reviewed.the  provisions  of  the  following 
standard  and  has  decided  that  this  is  acceptable  tor  use  in  conjunction  with  this  standard: 

lEC  Pub  107-1  :  1977  Recommended  method  of  measurement  on  receivers  for  television  broadcast 
transmission  :  Part  1  :  General  considerations  —  Electrical  measurements  other  than  those  at  audio 
frequencies 

Only  the  English  language  text  in  the  lEC  Publication  has  been  retained  while  adopting  it  in  this  standard. 


IS  13986  (Part  1)  :  1994 
lEC   Pub  1079-1  :  1992 

Indian  Standard 

METHODS  OF  MEASUREMENT  ON  RECEIVERS 
FOR  SATELLITE  BROADCAST  TRANSMISSIONS 

IN  THE  12  GHz  BAND 

PART  1  RADIO-FREQUENCY  MEASUREMENTS  ON  OUTDOOR  UNITS 
SECTION  1  ■   GENERAL 

1.1      Scope 

This  International  Standard  applies  to  the  outdoor  unit  of  a  receiver  for  the  direct  reception 
of  satellite  broadcast  transmissions  in  the  12  GHz  band.  The  channels  are  those  defined 
by  WARC  BS-77  and  RARC  SAT-83  and  the  systems  are  those  defined  in  CCIR 
Recommendation  650. 

The  object  of  this  standard  is  to  define  the  conditions  and  methods  of  measurement  to  be 
applied.  The  standard  does  not  specify  performance  requirements. 

An  outdoor  unit  normally  comprises  three  main  parts,  the  antenna,  the  depolarizer  and 
optional  orthomode  transducer  (DMT),  and  the  SHF  converter  as  defined  in  clause  1.3. 
The  methods  of  measuring  the  electrical  properties  described  in  this  part  of  the  standard 
apply  particularly  to  the  outdoor  unit  or  the  SHF  converter. 


Methods  of  measurement  on  the  associated  DBS  tuner  unit  are  described  in  Part  2  of  this 
standard. 


1.2     Normative  references 

The  following  normative  documents  contain  provisions  which,  through  reference  in 
this  text,  constitute  provisions  of  this  International  Standard.  At  the  time  of  publication 
of  this  standard,  the  editions  Indicated  were  valid.  All  normative  documents  are  subject 
to  revision,  and  parties  to  agreements  based  on  this  International  Standard  are 
encouraged  to  investigate  the  possibility  of  applying  the  most  recent  editions  of  the 
standards  indicated  below.  Members  of  tEC  and  ISO  maintain  registers  of  currently  valid 
International  Standards. 

lEC  107-1;  1977,  Recommended  methods  of  measurement  on  receivers  for  television 
broadcast  transmissions  -  Part  1:  General  considerations  -  Electrical  measurements  other 
than  those  at  audio-frequencies. 

lEC  1079-2:  1992.  Methods  of  measurement  on  receivers  for  satellite  broadcast  trans- 
missions in  the  12  GHz  band  -  Part  2:  Electrical  measurements  on  DBS  tuner  units. 
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1.3     Definitions 

For  the  purpose  of  this  International  Standard,  the  following  definitions  apply. 

The  outdoor  unit  is  a  part  of  the  receiver  for  satellite  broadcast  transmissions  in  the 
12  GHz  band,  and  comprises  three  main  parts: 

a)  the  antenna  including  the  feed  horn  which  receives  the  signals  broadcast  by 
satellites; 

b)  the  depolarizer  that  converts  circular  polarization  to  linear  polarization  and  an  op- 
tional orthomode  transducer,  OMT,  which  separates  two  incoming  differently  polarized 
signals  into  two  independent  SHF  outputs; 

c)  the  SHF  converter  (also  called  low  noise  converter  (LNC)  or  low  noise  block 
converter  (LNB)),  which  Is  a  device  to  convert  the  received  signals  In  the  12  GHz  band 
to  intermediate  frequencies  (often  called  the  first  i.f.)  usually  in  the  range  of 
approximately  1  GHz  to  2  GHz,  for  application  to  one  or  more  DBS  tuner  units,  where 
demodulation  and  decoding  of  the  received  signals  are  performed. 


SECTION  2  •  GENERAL  NOTES  ON  MEASUREIVIENT 

2.1     General  conditions 

2.1.1  Introduction 

Measurements  shall  be  made  in  accordance  with  the  following  conditions  to  ensure 
reproducible  results.  The  methods  described  here  assume  the  use  of  the  following  trans- 
mission systems:  digital  sub-carrier/NTSC,  B-MAC,  C-MAG/packet,  D-MAC/packet  and 
D2  MAC/packet.  Information  pertaining  to  these  systems  may  be  found  in  the  references 
listed  in  the  bibliography  given  in  annex  A. 

2.1.2  Test  site 

Measurements  shall  be  carried  out  at  a  location  that  is  not  subject  to  external  interference 
from  radio  frequency  energy.  If  interference  cannot  be  avoided,  the  measurements  shall 
be  carried  out  in  a  screened  room. 

2. 1 .3  Environmental  conditions 

Sections  Three,  Four  and  Five  of  I  EC  107-1  shall  be  applied. 

2.1.4  Po  war  supply 

2.1.4.1     Bias  network 

When  measuring  the  characteristics  of  an  Outdoor  unit,  it  is  necessary  to  supply  d.c.  or 
a.c.  power  to  it  without  influencing  the  output  signal.  For  this  purpose,  a  bias  network  such 
as  that  shown  in  figure  1  can  be  used. 

NOTE  -  Reverse  connection  of  the  bias  network  (see  figure  2)  is  likely  to  cause  damage. 


IS  13986  (Parti)  :  1994 
I  EC  Pub  1079-1  :  1992 


2. 1 .4.2    Nominal  voltage 


The  d.c.  or  a.c.  voltage  to  be  applied  to  the  unit  during  the  test  shall  be  within  ±2  %  of  the 
nominal  operating  voltage,  unless  otherwise  specified. 

Where  only  a  range  of  voltages  is  specified,  the  nominal  voltage  shall  be  taken  as  the 
mean  value  of  this  range.  Measurements  shall  be  repeated  at  the  limits  of  the  specified 
range,  as  indicated  in  the  following  clauses. 

2.1.5     Other  conditions 

2. 1 .5.1  Accuracy  of  the  measuring  instruments 

The  accuracy  of  the  measuring  instruments  used,  if  known,  shall  either  be  stated  as  a 
percentage  or  in  decibels  as  appropriate.  Alternatively,  the  accuracy  class  may  be  quoted 
as  laid  down  in  the  relevant  publications  (under  consideration). 

2.1 .5.2  Stabilization  period 

The  characteristics  of  an  outdoor  unit  may  change  for  some  period  after  the  application  of 
supply  voltage.  Unless  otherwise  specified,  measurements  should  be  started  after  the 
stabilization  of  the  characteristics  is  obtained. 


2.2     Radio-frequency  Input  signals 

2.2.1  Introduction 

The  following  input  signals  shall  be  used. 

2.2.2  Test  signals 

Unless  otherwise  specified,  continuous  wave  (c.w.)  radio-frequency  (rt.)  signals  shall  be 
used. 

2.2.3  Test  frequencies 

Unless  otherwise  specified,  test  frequencies  shall  be  selected  near  the  nomrnal  carrier 
frequency  of  each  ijroadcast  channel,  as  specified  by  the  standards  of  the  country  or 
countries  in  which  the  equipment  is  intended  for  use. 

2.2.4  Radio-frequency  input  arrangement 

Depending  on  the  input  facilities  of  the  equipment  under  test,  the  radio-frequency  input 
signal  can  be  applied  in  three  different  ways: 

a)  by  means  of  a  waveguide,  having  a  flange  and  a  cross-section  compatible  with  the 
input  of  the  unit; 

b)  by  means  of  a  coaxial  cable  and  a  connector  compatible  with  the  input  of  the  unit; 

c)  by  means  of  a  transmitting  antenna  generating  a  field  of  wanted  level  at  the 
receiving  antenna  which  provides  the  electrical  input  signal  for  the  unit. 
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When  two  or  more  signals  are  to  be  applied  (two  or  multi-signal  measuring  methods), 
suitable  combining  networks,  such  as  hybrid  networks  or  directional  couplers  with  the 
specitied  characteristic  impedance  shall  be  used  to  connect  the  various  signal  generators. 
All  unused  terminals  shallbe  terminated  with  matched  loads. 


When  input  arrangement  indicated  in  c)  is  used,  the  signals  ot  the  various  generators  are 
combined  before  application  to  the  transmitting  antenna. 

NOTE   -  Any  type  of  hybrid  such  as  magic  tee,  rat-race  or  hybrid-ring  can  be  used. 


2.2.5      Input  signal  level 

The  input  signal  level  to  an  outdoor  unit  shall  be  expressed  according  to  the  input  arrange- 
ment used  (see  2.2.4). 


2.2.5.1     Available  power 

With  the  input  arrangement  a)  or  b)  of  2.2.4,  the  input  signal  level  is  expressed  in  terms  of 
available  power  at  the  output  of  the  signal  generator,  including  its  associated  network. 


The  available  power  is  the  power  delivered  by  the  signal  generator  to  a  matched  load.  It  is 
expressed  in  tnilliwatts  and  can  be  calculated  by  the  following  formula: 

p=  -^-  (mW) 

where 

P     =  available  power  (mW); 

E     =  electromotive  force  at  the  output  terminal  ot  the  signal  generator  (V); 

R     =  output  resistance  of  the  signal  generator  (Q). 

2.2.5.2    Power  flux  dens ity 

With  input  arrangement  c)  ot  2.2.4,  the  input  signal  level  is  expressed  in  terms  of  power 
flux  density  {PFD)  at  the  aperture  plane  of  the  receiving  antenna,  calculated  as  follows: 

p  c^ 

PFD=  — ^—   {W/m2) 
4ncP 

where 

P^  =  power  delivered  by  the  signal  generator  to  the  input  of  the  transmitting  antenna  (W); 

G    -  gain  of  the  transmitting  antenna  in  the  direction  towards  the  receiving  antenna: 

d     =  distance  between  the  transmitting  antenna  and  the  receiving  antenna  (m).  measured 
between  the  electrical  centres. 
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2.2.5.3    Siting  of  the  antennas 


The  antennas  shall  be  placed  at  least  4  m  above  ground  level  to  lessen  the  interference 
by  the  reflected  wave  from  the  ground.  When  a  slant  antenna  range*  setting  (see  figure  3) 
is  used,  the  transmitting  antenna  can  be  placed  on  the  ground  while  the  receiving  antenna 
is  placed  at  the  top  of  a  tower. 

To  avoid  measurement  errors  caused  by  a  non-jjniform  distribution  of  spherically  propa- 
gated electromagnetic  waves,  the  distance  between  the  transmitting  and  the  receiving 
antennas  should  be  larger  than  2  D^^IX  and  D^  D^  I  0,32  \,  where  D^  and  D^  are  the 
maximum  diameters  of  the  antenna  under  test  and  the  transmitting  antenna  respectively, 
and  X  is  the  free  space  wavelength  at  the  test  frequency.  If  the  electric  field  strength  at 
the  receiving  point  deviates  more  than  ±0,5  dB  in  the  aperture  plane,  the  height  and  the 
distance  shall  be  rearranged  to  obtain  a  deviation  smaller  than  ±0,5  dB.  The  method  of 
measuring  the  electric  field  strength  at  the  receiving  point  is  mentioned  in  clause  3.8. 


SECTIONS-   MEASURING  METHODS 


3.1      Polarization  isolation 

3.1.1  introduction 

This  method  of  measurement  determines  the  isolation  between  the  two  independent  and 
differently  polarized  signals  entering  the  outdoor  unit  measured  at  the  output  of  the 
complete  outdoor  unit, 

NOTE   -  According  to  CGIR  recommendations,  the  polarization  of  the  signals  is  right  hand  or  left  hand 
circular. 

3.1.2  Method  of  measurement 

A  test  signal  is  applied  to  the  input  terminal  of  the  outdoor  unit  and  the  resulting  output, 
from  one  of  the  SHF  converters,  is  measured  at  specified  frequencies.  The  polarization  of 
the  input  signal  is  reversed  by  appropriate  means  and  the  resulting  new  output  level  is 
recorded.  The  polarization  isolation  is  determined  from  the  level  difference  between  the 
two  measurements.  The  arrangement  of  the  test  equipment  is  shown  in  figure  4.  Only 
input  arrangement  c)  (see  2.2.4)  can  be  used  to  perform  this  measurement  which  should 
be  made  according  to  the  following  conditions  and  procedure. 


3.1.2.1     Measuring  conditions 

a)  Test  frequency:  the  centre  frequency  of  the  lowest  (L),  the  mid  (M)  and  the  highest 
(H)  channels  in  the  12  GHz  broadcasting  band. 

b)  Test  signal  level  at  the  input  {12  GHz  band):  -94  dB(W/m2). 


For  a  slant  antenna  range,  the  following  paper  can  be  referred  to;  P.W.  Arnold,  The  slant  antenna  range, 
IEEE  Trans    Antennas  &  Propag.,  AP-14,  5  pp.  658-659  (1966). 
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3.1.2.2    Measurement  procedure 

a)  A  c.w.  signal  at  the  specified  test  signal  level  is  applied  to  the  input  terminal  of  the 
outdoor  unit. 

b)  The  output  signal  level  of  the  outdoor  unit  (at  the  bias  network  output  terminal)  is 
measured:  Lp^  dB(mW). 

c)  The  polarization  of  the  input  signal  is  reversed  by  appropriate  means. 

d)  The  new  output  signal  level  of  the  outdoor  unit  is  measured:  Lp2  dB(mW). 

e)  Polarization  isolation  (^pj^oj)  is: 

f)  The  test  signal  frequency  is  changed  and  steps  a)  to  e)  are  repeated. 

g)  The  other  output  terminal  is  taken  into  consideration  by  connecting  the  bias  network 
and  spectrum  analyzer  to  it  while  terminating  the  previous  output  terminal  with  a 
matched  load. 

h)    Steps  a)  to  f)  are  repeated  with  this  new  output  terminal. 

3.-1.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically 

3.2     Impedance  matching  at  the  Input  terminal 

3.2.1  Introduction 

This  method  of  measurement  determines  the  impedance  matching  at  the  input  terminal  of 
the  SHF  converter.  It  is  applicable  only  to  input  arrangement  a)  or  b)  (see  2.2.4). 

3.2.2  Method  of  measurement 

A  test  signal  is  applied  to  the  input  terminal  of  the  outdoor  unit  and  the  levels  of  the  direct 
signal  and  reflected  signal  at  the  terminal  are  measured  using  a  directional  coupler. 
The  return  loss  is  the  level  difference  between  these  two  signals.  The  arrangement  of  the 
test  equipment  is  shown  in  figure  5.  The  measurement  should  be  made  according  to 
the  following  conditions  and  procedure. 

3.2.2.1     Measuring  conditions 

a)  Test  frequency:  the  centre  frequency  of  each  channel  in  the  reception  band 
(12  GHz). 

b)  Test  signal  level:  -70  dB(mW). 
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3.2.2.2    Measurement  procedure 


a)  A  c.w.  signal  Is  applied  and  the  variable  attenuator  adjusted  to  obtain  the 
recommended  signal  level  at  the  output  terminal  of  the  directional  coupler. 

b)  With  a  short-circuit  termination  placed  at  the  output  terminal  of  the  directional 
coupler,  the  output  signal  level  of  the  amplifier  Lp^  [dB(mW)]  is  measured. 

c)  The  SHF  converter  input  terminal  is  connected  to  the  directional  coupler  output 
terminal  andihe  amplifier  output  signal  level  Lp  [dB(mW)]  is  measured. 

d)  The  return  loss  is  expressed  as  the  difference: 

Lp^  -  Lp  {6B) 

e)  The  test  signal  frequency  is  changed  and  steps  a),  b),  c)  and  d)  are  repeated. 

NOTE  -  The  amplifier  shall  be  sufficiently  linear  not  to  influence  the  results  within  the  range  of  the  signal 
levels  used. 

3.2.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically. 

3.3     Impedance  matching  at  the  output  terminal 

3.3.1  Introduction 

This  method  of  measurement  determines  the  impedance  matching  at  the  output  terminal  of 
the  outdoor  unit. 

3.3.2  Method  of  measurement 

A  test  signal  is  applied  to  the  output  terminal  of  the  outdoor  unit  and  the  levels  of  the 
direct  signal  and  reflected  signal  at  the  terminal  are  measured  using  a  SWR  bridge. 
The  return  loss  is  the  level  difference  between  these  two  signals.  The  arrangement  of 
the  test  equipment  is  shown  in  figure  6.  The  measurement  shall  be  made  according  to  the 
following  conditions  and  procedure. 

3.3.2.1  Measuring  conditions 

a)  Test  frequency:  the  centre  frequency  of  each  channel  in  the  i.f.  band. 

b)  Test  signal  level:  -30  dB{mW). 

3.3.2.2  Measurement  procedure 

a)  The  input  terminal  is  terminated  with  a  matched  load  when  input  arrangement  a) 
or  b)  (see  2.2.4)  is  used.  Otherwise,  when  input  arrangement  c)  (see  2.2.4)  is  used, 
the  outdoor  unit  antenna  shall  be  oriented  towards  the  sky,  avoiding  any  satellite 
reception. 
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b)  A  c.w.  signal  is  applied  and  the  variable  attenuator  is  adjusted  to  obtain  the  recom- 
mended signal  level  at  the  output  terminal  of  the  SWR  bridge. 

c)  A  short-circuit  termination  is  placed  at  the  test  terminal  of  the  SWR  bridge  and  the 
output  signal  level  of  the  SWR  bridge  Lp^  [dB(mW)l  Is  measured. 

d)  The  output  terminal  of  the  outdoor  unit  is  connected  to  the  SWR  bridge  test  terminal 
and  the  output  signal  level  of  the  SWR  bridge  tp  [dB(mW)]  is  measured. 

e)  The  return  loss  is  expressed  as  the  difference:  Lp^  -  Lp  (dB), 

The  insertion  loss  and  SWR  of  the  bias  network  shall  be  known  and  taken  into  account 
in  the  measurement  result. 

f)  The  test  signal  frequency  is  changed  and  steps  b),  c),  d)  and  e)  are  repeated. 

3.3.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically. 

3.4     Gain  frequency  characteristics 

3.4.1  Introduction 

This  method  of  measurement  determines  the  gain  variation  within  a  channel  and  between 
channels  in  the  reception  band. 

3.4.2  Method  of  measurement 

A  constant  level  of  test  signal  is  applied  to  the  input  terminal  and  the  corresponding  output 
signal  level  is  measured  at  specified  frequencies.  The  arrangement  of  the  test  equipment 
is  shown  in  figure  7  when  input  arrangement  a)  or  b)  {see  2.2.4)  is  used,  and  in  figure  8 
when  Input  arrangement  c)  {see  2.2.4)  is  used.  The  measurement  shall  be  made  according 
to  the  following  conditions  and  procedure. 

3.4.2.1  Measuring  conditions 

a)  Test  frequency:  the  centre  frequency  of  each  allocated  channel  in  the  12  GHz 
broadcasting  band. 

b)  Test  signal  level:  -70  dB(mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-94  dB{W/m2)  when  input  arrangement  c)  is  used. 

c)  Seven  points  are  measured  every  5  f^Hz  within  ±15  MHz  of  the  centre  frequency  in 
each  channel. 

3.4.2.2  Measurement  procedure 

a)  A  c.w.  signal  at  the  specified  test  signal  level  is  applied  to  the  input  terminal  of  the 
outdoor  unit. 

b)  The  signal  level  Lp^  [dB(mW)]  at  the  branch  port  of  the  directional  coupler,  and  the 
signal  level  Lp  [dB{mW)]  at  the  bias  network  output  terminal  are  measured. 
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c)  When  input  arrangement  a)  or  b)  is  used,  the  gain  (G)  is  calculated  using  the  follow- 
ing equation: 

where 

L^  =  attenuation  of  the  second  variable  attenuator  (dB); 
Lg  =  coupling  factor  of  the  directional  coupler  (dB); 
Ljj  =  insertion  loss  of  the  bias  network  (dB). 

When  input  arrangement  c)  is  used,  the  gain  {G')  is  calculated  using  the  following  equation: 

G'  =  Lp-  PFD  -  30  {dB(m2)) 
where 

PFD  (see  2.2.5^)  is  measured  according  to  the  procedure  mentioned  in  clause  3.8. 
The  factor  30  is  included  because  Lp  is  expressed  in  dB(mW)  and  PFD  in  dB(W/m2). 

d)  The  test  frequency  is  changed  and  steps  a),  b)  and  c)  are  repeated. 

NOTE  -  The  attenuation  of  the  second  variable  attenuator  should  be  such  as  to  minimize  the  difference 
between  the  signal  level  at  the  coupling  terminal  of  the  directional  coupler  and  the  output  signal  level  of  the 
SHF  converter. 

3.4.3     Presentation  of  the  results 

The  results  shall  be  presented  graphically,  using  plotted  curves  showing  the  gain 
frequency  characteristic,  with  the  channel  tested  (or  the  frequency  variation  with  respect 
to  the  nominal  centre  frequency  of  the  channel)  as  the  abscissa  and  the  gain  as  the 
ordinate.  Examples  are  shown  in  figures  9  and  10. 

3.5     Output  signal  level  versus  Input  signal  level 

3.5.1  Introduction 

This  method  of  measurement  determines  the  amplitude  linearity  of  an  outdoor  unit. 

3.5.2  Method  of  measurement 

To  obtain  the  linearity  curve,  the  output  signal  level  is  measured  at  several  input  signal 
levels.  The  arrangement  of  the  test  equipment  is  shown  in  figure  7  when  input  arrange- 
ment a)  or  b)  (see  2.2.4)  is  used  and  in  figure  8  when  input  arrangement  c)  (see  2.2.4) 
is  used.  The  measurement  shall  be  made  according  to  the  following  conditions  and 
procedure. 

3.5.2.1    Measuring  conditions 

a)  Test  frequency:  the  centre  frequencies  of  the  lowest  (L),  the  mid  (M)  and  the  highest 
(H)  channels  in  the  frequency  band  specified  to  be  covered  by  the  outdoor  unit  (12  GHz 
band  at  the  input  and  i.f.  band  at  the  output). 

b)  Test  signal  level  at  the  input  (12  GHz  band):  from  -80  dB(mW)  to  -40  dB(mW) 
(5  dB  steps),  when  input  arrangement  a)  or  b)  is  used;  from  -104  dB(W/m2)  to 
-64  dB(W/m2)  (5  dB  steps),  when  input  arrangement  c)  is  used. 


IS  13986  (Parti)  :  1994 
lEC  Pub  1079-1  :  1992 

3.5.2.2    Measurement  procedure 

a)  A  c:w.  signalis  applied  and  the  first  variable  attenuator  is  adjusted  to  obtain  a 
convenient  signal  level  [e.g.  -35  dB(nrTW)l  at  the  directional  coupler  output  terminal. 

b)  The  second  variable  attenuator  is  adjusted  to  obtain  the  minimum  test  signal  level 
specified  in  3,5.2.1.  according  to  the  input  arrangement  used. 

c)  The  output  signal  level  of  the  outdoor  unit  is  measured. 

d)  The  test  signal  level  is  increased  by  adjusting  the  second  variable  attenuator  and 
the  output  signal  level  of  the  outdoor  unit  is  measured. 

e)  The  test  signal  frequency  is  changed  and  steps  a),  b),  c)  and  d)  are  repeated. 

NOTE  -  The  output  signal  level  of  the  outdoor  unit  may  exceed  the  maximum  power  specified  for  the 
spectrum  analyzer  input  terminal. 

3.5.3     Presentation  of  the  results 

The  results  are  presented  graphically,  using  a  plotted  curve  with  the  input  signal  level  as 
the  abscissa  and  the  output  signal  level  as  the  ordinate.  An  example  is  shown  in  figure  11. 

3.6     Intermodulatlon 

3.6.1  Introduction 

This  method  of  measurement  determines  the  level  of  the  interference  components  caused 
by  the  intermodulatlon  of  two  signals  received  outside  the  desired  channel. 

3.6.2  Method  of  measurement 

Two  test  signals  are  applied  to  the  input  of  the  outdoor  unit  and  the  intermodulatlon 
product  level  is  measured  at  the  output  in  the  desired  channel.  The  arrangement  of  the 
test  equipment  is  shown  in  figure  12  when  input  arrangement  a)  or  b)  {see  2.2.4)  is  used, 
and  in  figure  13  when  input  arrangement  c)  (see  2.2.4)  is  used.  The  measurement  shall  be 
made  according  to  the  following  conditions  and  procedure. 

3.6.2.1     Measuring  conditions 

a)  Desired  signal  frequency:  the  centre  frequencies  of  the  lowest  (L),  the  mid  (M)  and 
the  highest  (H)  channels  in  the  reception  band. 

b)  Desired  signal  level:  from  -80  dB{mW)  to  -40  dB(mW)  {5  dB  steps)  when  input 
arrangement  a)  or  b)  is  used,  from  -104  dB{W/m2)  to  -64  dB(W/m2)  (5  dB  steps)  when 
input  arrangement  c)  is  used. 

c)  Interference  signal  frequencies;  for  systems  now  planned  or  in  service,  suitable 
frequencies  are: 

-  centre  frequencies  of  channels  {L+2)  and  {L+4)  for  the  L  channel; 

-  centre  frequencies  of  channels  {M-2)  and  (M-4),  or  {M+2)  and  {M+4)  for  the 
M  channel; 

-  centre  frequencies  of  channels  {H-2)  and  (H-4)  for  the  H  channel. 
(See  ITU  Radio  Regulations,  appendix  30*.) 

d)  Interference  signal  level:  same  as  the  desired  signal  level. 


See  also  CCIR  Reports  473-4  and  81 1  -2  (annex  A} 
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3.6.2.2    Measurement  procedure 

a)  A  c.w.  signal  at  the  desired  frequency  at  the  test  signal  level  is  applied. 

b)  The  variable  band-pass  filter  is  adjusted  to  obtain  the  maximum  i.f.  signal  level. 
The  i.f.  signal  level  Lp^  [dB(mW)]  is  measured  at  the  output  terminal. 

c)  The  two  c.w.  interference  signals  are  applied  simultaneously,  as  indicated  for 
each  case,  with  the  same  level  as  a).  The  i.f.  signal  level  Lp  [dB(mW)]  is  measured 
at  the  output  terminal.  The  intermodulation  interference  ratio  is  given  by  the  value 
(Lp^  -  Lp)  (dB). 

d)  The  desired  signal  level  is  changed  and  steps  a),  b)  and  c)  are  repeated. 

e)  The  desired  signal  frequency  is  changed  and  steps  a),  b),  c)  and  d)  are  repeated. 

NOTE  -  The  variable  band-pass  filter  is  used  to  prevent  the  spectrum  analyzer  from  generating 
intermodulation.  Although  it  may  be  unnecessary  to  use  the  band-pass  fitter  for  a  spectrum  analyzer  having 
a  large  dynamic  range,  confirmation  shall  be  made  that  intermodulation  does  not  occur  within  it. 

3.6.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  Curves  showing  the 
intermodulation  interference  ratio  are  plotted  with  the  input  signal  level  as  the  abscissa 
and  the  intermodulation  ratio  as  the  ordinate.  A  graphical  example  is  shown  in- figure  14. 


3.7     Noise  figure  and  noise  temperature 

3.7.1  Introduction 

This  method  of  measurement  determines  the  noise  generated  in  the  SHF  converter.  It  is 
applicable  only  if  input  arrangement  a)  or  b)  (see  2.2,4)  is  possible.  The  test  site  should 
comply  with  the  conditions  indicated  in  2.1.2. 

3.7.2  Method  of  measurement 

A  noise  source  is  connected  to  the  input  terminal  of  the  SHF  converter  and  the  noise 
level  appearing  at  the  output  terminal  is  measured  with  and  without  the  input  noise. 
The  noise  figure  and  noise  temperature  are  obtained  from  these  data  by  calculation.  The 
arrangement  of  the  test  equipment  is  shown  in  figure  15.  The  measurement  shall  be  made 
according  to  the  following  conditions  and  procedure. 

NOTE   -   An  isolator  or  an  attenuator  should  be  inserted  between  the  noise  source  and  the  outdoor  unit  to 
reduce  the  VSWR  of  the  noise  source. 

3.7.2.1     M  easuring  co  nditions 

a)  Test  frequency:  the  centre  frequency  of  each  channel  (12  GHz  band). 

b)  Environmental  temperature:  room  temperature. 
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3.7.2.2    Measurement  procedure 

a)  The  variable  band-pass  filter  is  tuned  to  the  intermediate  frequency  that 
corresponds  to  the  test  frequency.  The  noise  power  level  Lp^  [dB{mW)]  that  appears  at 
the  amplifier  output  terminal  is  then  measured  with  the  noise  source  power  supply 
inoperative. 

b)  The  noise  source  is  activated  and  the  noise  power  level  Lp  [dB{mW)]  that  appears 
at  the  amplifier  output  terminal  is  measured. 

c)  The  noise  figure  Is  calculated  using  the  following  equation: 

A/F=(Ef^-L)-10log{V-1){dB) 

where 

NF=  noise  figure; 

E^  -  excess  noise  ratio  (ENR)  of  the  noise  source  (dB); 

L    =  insertion  loss  of  the  isolator  or  attenuator  (dB); 

NOTES 

1  The  isolator  shall  have  a  VSWR  of  less  than  1 .05.  The  attenuator  shall  have  a  VSWR  of  less  than  1.05 
and  an  attenuation  of  6  dB  to  10  dB. 

2  The  variable  band-pass  filter  shall  be  tunable  over  the  i.f.  band  of  the  SHF  converter  and  have  a  pass 
band  of  approximately  20  MHz. 

3  The  noise  source  shall  have  an  ENR  of  about  15  dB. 

4  The  value  of  E^^  (dB)  Is  expressed  by  the  following  equation: 

E^^lOlog  (-^  -l)(dB) 

where 

Pj^     =  the  noise  power  generated  by  the  noise  source  in  operation; 

P.       =  the  noise  power  ^eneratei:)  by  a  resistance  equal  to  the  noise  source  nominal  impedance,  at  a 
temperature  of  290  K. 

^  If  the  noise  figure  measurement  is  carried  out  at  a  temperature  different  from  290  K  (17  °C).  the  follow- 
ing equation  shall  be  considered: 

NF=  10  log  [F-{r,/ 290-1)  (lO**''^-!)  ]  -  L  (dB) 
Where  the  environmental  temperature  for  the  measurement  is  T^  (K),  and  Fis  given  by  the  formula: 

10°''  ^N  -  y(r/ 290-1) 
F=  — 


Y-^ 

6  The  effective  noise  temperature  T^  is  expressed  by  the  following  equation: 

r^  =  290(10°'^  ^''  -  1)(K) 

7  If  the  SHF  converter  under  test  does  not  include  an  image  band  rejection  filter,  the  measurement  of  the 
noise  figure  and  tfie  noise  temperature  shall  be  corrected  according  to  the  following  equation: 

NF=  E^-  L-  }0  log  (V-l)  +  10  log  (1  +  10"°^  %  (dB) 
where 

R    (dB)  is  the  image  suppression Tatio  of  the  SHF  converter  (see  3.10). 
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3.7.3     Presentation  of  the  results 


The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  A  graphical  example  Is 
shown  in  figure  16. 

3.8     G/T 

3.8.1  Introduction 

This  method  of  measurement  determines  the  figure  of  merit  of  an  outdoor  unit.  Therefore 
this  method  of  measurement  applies  only  when  input  arrangement  c)  (see  2.2.4)  is 
possible  (see  appendix  A). 

NOTE  -  Although  the  G/T  can  be  calculated  from  the  antenna  gain,  the  antenna  noise  temperature  and 
the  noise  figure  of  the  SHF  converter,  it  is  more  practical  and  accurate  to  measure  the  G/T  directly, 
because  the  noise  figure  of  an  SHF  converter  depends  on  the  impedance  matching  between  the  antenna 
and  the  SHF  converter. 

3.8.2  Method  of  measurement 

The  arrangement  of  the  test  equipment  is  shown  In  figure  17.  After  the  position  of  the  out- 
door unit  under  test  (OU)  is  determined,  the  standard  horn  shall  be  set  near  the  aperture 
plane  of  the  OU.  This  is  called  the  specified  position.  The  measurement  shall  be  made 
according  to  the  following  conditions  and  procedure. 

3.8.2.1  Measuring  conditions 

a)  Testing  site:  a  location  that  does  not  give  rise  to  radio  wave  reflections  due  to 
surrounding  objects. 

b)  Test  frequency:  the  centre  frequencies  of  the  lowest  (L),  the  mid  (M)  and  the 
highest  (H)  channels  in  the  reception  band  (12  GHz  band). 

c)  Test  signal  level:  the  test  signal  level  shall  be  high  enough  to  provide  a  good 
signal-to-noise  ratio  as  far  as  the  amplitude  linearity  of  the  SHF  converter  is  main- 
tained. The  linearity  can  be  checked  as  indicated  in  clause  3.5. 

d)  Siting  of  the  antennas:  see  2.2.5.3. 

e)  Sky  conditions:  when  the  sky  is  used  to  measure  the  antenna  effective  temperature, 
the  antenna  should  be  directed  to  the  area  which  minimizes  the  output  noise  level  of 
the  outdoor  unit  after  confirming  that  there  is  no  noise  source  such  as  clouds,  the  sun, 
satellites,  buildings  and  trees  within  10*  from  the  main  beam  of  the  antenna. 

3.8.2.2  Measurement  procedure 

The  procedure  is  composed  of  several  measurements  including  the  gain  of  the  OU 
(procedures  a),  b)  and  c)),  the  noise  temperature  of  the  OU  (procedure  d)),  the  power 
flux  density  at  the  OU  aperture  plane  (procedures  e)  and  f))  and  calibration  factors 
(procedures  g),  h)  and  I)). 

a)  Switch  A  is  set  to  radiate  a  signal  from  the  transmitting  antenna.  The  polarization 
direction  of  the  signal  shall  coincide  with  that  of  the  receiving  antenna. 

b)  The  OU  is  placed  at  the  specified  position  and  switch  C  is  adjusted  to  position  "2", 
and  the  output  power  P^  (W)  of  the  OU  is  measured. 
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c)  Switch  A  is  set  to  the  "off"  position  and  the  output  level  Pg  (W)  of  the  OU  is 
measured. 

d)  The  OU  is  directed  to  the  sky  and  the  output  power  Pg  (W)  of  the  OU  is  measured. 

e)  Switch  A  Is  set  to  "on"  again.  Switch  B  and  switch  C  are  adjusted  to  position  "1". 
The  output  level  of  the  reference  SHF  converter  is  measured,. moving  the  standard  horn 
in  the  plane  where  the  OU  is  located  to  get  the  spatial  power  flux  density  distribution  of 
the  wave  coming  from  the  transmitting  antenna.  The  mean  output  power  P^  (W)  is 
calculated. 

f)  The  standard  horn  is  placed  at  the  specified  position  near  the  aperture  plane  of 
the  OU.  The  output  power  of  the  reference  outdoor  unit  P^  (W)  is  measured.  The  ratio 
p  =  p^  /  p^  is  calculated. 

g)  Switch  A  is  set  to  the  "off"  position  and  the  output  power  Pg  (W)  is  measured. 

h)  Switch  B  is  set  to  position  "2"  and  switch  D  to  the  "on"  position,  and  the  output 
power  Pg  (W)  is  measured. 

i)     Switch  D  is  set  to  the  "off"  position  and  the  output  power  P^  (W)  is  measured. 
])     The  G/T  for  a  circular  polarization  is  calculated  according  to  the  following  formula: 

-^=10  log  —  — ^— ^    (dB/K) 

T  "^    2  7;E^PP3(P,-P5) 

where 

Gg  =  the  gain  of  the  linearly  polarized  standard  horn  with  respect  to  an  isotropic 
antenna,  expressed  as  a  ratio  (not  in  dB); 

£,^  =  the  excess  noise  ratio  of  the  noise  source,  expressed  as  a  ratio  (not  in  dB); 

7^,  -  290  K. 

k)  The  G/T  for  a  linear  polarization  is  obtained  by  deleting  the  factor  "2"  of  the  denomi- 
nator in  the  above  formula. 

I)  The  noise  power  measurements  shall  be  corrected  taking  into  account  the 
bandwidth  of  the  spectrum  analyzer. 

3.8.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  A  graphical  example  is 
shown  in  figure  18. 

3.9      Alternative  method  for  G/T 

3.9.1      Introduction 

The  normal  method  of  measurement  for  the  gain  of  an  antenna  and  the  figure  of  merit 
(G/T)  of  a  DBS  receiver  outdoor  unit,  requires  a  large  test  site  that  is  substantially 
reflection  free.  These  stringent  requirements  can  be  avoided  by  using  a  satellite  broadcast 
signal  as  the  signal  source.  However,  the  modulation  will  disturb  the  measurement  unless 
it  is  cancelled. 

The  method  described  uses  a  second  receiver,  in  addition  to  the  unit  under  test.  The 
second  receiver  provides  a  local  oscillator  signal,  for  mixing  with  the  i.f.  output  of  the  test 
unit.  Since  both  signals  carry  the  same  modulation,  the  modulation  will  cancel  and  the 
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resulting  output  will  be  a  line  spectra,  suitable  for  measurement  purposes.  The  second 
receiver  is  also  used  to  pravide  a  reference  signal.  As  both  receivers  are  looking  at  the 
same  satellite,  any  level  fluctuation  of  the  incoming  signal  will  affect  each  unit  similarly, 
and  such  level  changes  can  now  be  compensated. 


NOTES 

1  G/T  is  defined  as  the  ratio  of  the  antenna  gain  to  the  antenna-SHF  converter  noise  teniperature 
referred  to  the  antenna  terminal. 

2  The  following  paper  is  recommended  as  a  reference:  H.  Isono  &  K.  Ohmaru,  'A  new  method  for  meas- 
uring satellite  broadcast  field  intensity  and  a  measurement  method  for  antenna  gain  and  G/T  using  a  satel- 
lite broadcast  signal;  NHK  LABORATORIES  NOTE.  No.  361.  pp  1-9  (1988). 

3.9.2     Method  o1  measurement 

A  circular  polarized  satellite  broadcast  signal  may  be  utilized  as  a  test  signal  if  the  signal 
is  converted  to  an  unmodulated  single  spectral  line  and  the  carrier  to  noise  ratio  (C/N) 
is  improved.  The  method  described  makes  it  possible  to  realize  these  conditions.  The 
arrangements  of  test  equipments  for  measuring  G/T  are  shown  in  figure  19.  The  measure- 
ments shall  be  made  under  the  following  conditions  and  procedure. 

3.9.2.1  Measuring  conditions 

a)  Testing  site:  a  location  where  signals  from  satellites  are  not  reflected  Into  the 
receiving  antennas. 

b)  Test  frequency:  broadcast  frequencies- 

c)  Measuring  time:  measurements  should  be  performed  when  antennas  do  not  receive 
noise  from  the  sun. 

d)  Sky  conditions:  when  the  sky  is  used  to  measure  the  antenna  effective  noise 
temperature,  the  antenna  should  be  directed  to  the  area  which  minimizes  the  output 
noise  level  of  the  outdoor  unit  after  confirming  that  there  is  no  noise  source  like  clouds, 
the  sun,  satellites,  buildings  and  trees  within  10  degrees  from  the  main  beam  of  the 
antenna. 

3.9.2.2  Measurement  procedure 

a)  The  standard  antenna,  the  outdoor  unit  under  test  and  the  reference  outdoor  unit 
are  installed  on  their  own  supporting  apparatus  which  is  adjustable  for  azimuth  and 
elevation  angles. 

shown  in  figure  19  and  setting  both  SW1  and  SW2  to  "1"  position. 

L02  is  adjusted  in  accordance  with  the  broadcast  channel  to  be  measured  in  order 
to  produce  a  fixed  i.f.  ATT1  and  ATT2  should  be  set  to  0  dB  and  40  dB  (or  more), 
respectively. 

Each  antenna  direction  is  adjusted  to  maximize  the  received  power,  observing  the 
spectrum  analyzer  connected  at  port  1  or  port  2.  An  example  of  the  spectrum  is  shown 
in  figure  20. 

NOTE  •  In  this  measuring  system,  the  output  of  SHF  converter  or  the  first  if,  is  converted  again  to  the  2nd 
if,  which  can  be  arbitrarily  chosen.  It  is  convenient  to  choose  the  same  2nd  if.  as  the  indoor  unit  since  the 
frequency  converter  and  BPF  can  be  procured  easily.  An  example  of  the  parameter  of  each  component  in 
figure  19  is  listed  in  table  1 . 


15 


IS  13986  (Parti):  1994 
lEC  Pub  1079-1  :  1992 


b)  The  spectrum  analyzer  is  connected  at  port  3  and  the  line  spectrum  is  observed  at  a 
frequency  of  f^  +  Af^  +  Af^.  If  the  power  level  difference  between  the  main  spectrum 
and  a  sideband  is  smaller  than  20  dB,  an  adjustable  delay  line  should  be  inserted 
before  the  combiner.  The  sideband  levels  can  be  reduced  by  adjusting  the  electrical 
length.  An  example  of  the  line  spectrum  is  shown  in  figure  25. 

c)  The  direction  of  the  standard  antenna  is  readjusted  so  that  the  received  power  Is 
maximized. 

d)  The  attenuation  of  ATT2  is  decreased  to  observe  the  line  spectrum  at  /g  at  port  3 
which  is  created  by  introducing  the  reference  antenna  output  signal  only,  and  then  it  is 
adjusted  so  that  the  power  level  becomes  the  same  level  as  the  spectrum  observed 
in  procedure  c).  This  level  is  called  the  reference  level.  An  example  of  the  spectra  is 
shown  in  figure  22.  Also  in  this  case,  an  adjustable  delay  line  should  be  inserted 
before  ATT2  if  the  sideband  levels  exceed  the  level  explained  in  b). 

e)  SW2  is  set  to  "2"  position.  Spectrum  analyzer  is  connected  to  port  1 .  The  direction 
of  the  outdoor  unit  under  test  (OU)  is  adjusted  in  order  to  obtain  a  maximum  signal 
level  at  port  1.  L02  is  readjusted  to  produce  the  same  i.f.  as  procedure  a). 

f)  The  spectrum  analyzer  is  connected  to  port  3.  Attenuation  of  ATT1  is  Increased 
until  the  level  of  line  spectrum  observed  at  the  same  frequency  as  procedure  b) 
coincides  with  the  reference  level.  The  attenuation  of  ATT1  is  recorded  as  L^  (dB). 

g)  OU  is  directed  to  the  sky  for  the  condition  described  in  3.9.2.1.  ATT1  is  set  to  0  dB. 
The  noise  level  at  the  centre  frequency  of  the  2nd  i.f.  is  measured  by  means  of  the 
spectrum  analyzer  connected  to  the  port  1 .  This  noise  level  will  be  recorded. 

h)   SW1  is  set1o  "2"  position, 
SW2  is  set  to  "1"  position  and 
SW3  is  set  to  "on"  position. 

The  noise  level  observed  at  port  1  is  set  to  the  same  level  measured  in  procedure  g)  by 
adjusting  ATT1.  The  attenuation  value  is  recorded  as  L^  (dB). 

i)  SW3  is  set  to  "off  position.  The  noise  level  observed  at  port  1  is  set  to  the  same 
level  measured  in  procedure  g)  by  adjusting  ATT1.  The  attenuation  value  is  recorded 
as  Z-g  (dB).  G/T  is  calculated  as  follows: 

G                      GJoViOooViO-IO^a/^O) 
^=10log— ^^ r^^ (dB/K) 

where 

Gj  =  the  gain  of  the  linearly  polarized  standard  horn  with  respect  to  an  isotropic 
antenna,  expressed  as  a  ratio  (not  in  dB). 

Ef^  =  the  excess  noise  ratio  of  the  noise  source,  expressed  as  a  ratio  (not  in  dB). 

Tq  =   290  K. 

j)  The  G/T  for  a  linearly  polarized  antenna  is  obtained  by  adding  3  dB  to  the  above 
equation. 
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3-9-3     Presentation  of  the  results 


The  results  shall  be  listed  In  a  table  and/or  presented  graphically,  specifying  the  utilized 
satellite  and  the  elevation  angle. 


Table  1  -  Example  ot  parameters  of  components  in  figure  19 


DBS  signal  frequency 

11,99600  GHz 
10.67800  GHz 
1318,00  MHz 
1720.78  MHz 
402,78  MHz 
805,56  MHz 

402,78  MHz 
27  MHz 

G=15dB 

G  =  30  dB 

Output  power  =  7  dBn 

0  dB  -  20  dB  variable 

0  dB  -  40  dB  variable 

L01  nominal  frequency , 

1st  i.f 

L02 

2nd  i.f ; 

LOS 

BPF: 

-  centre  frequency 

-  bandwidth  (3  dB). 

if.  amplifier  1 

i.f.  amplifier  2 

Lrmiter  amplifier 

ATT1  (SHF  attenuator) 

ATT2  (UHF  attenuator) 

3.10     Ima^e  suppression  ratio 

3.10.1      Introduction 

This  method  cf  measurement  determines  the  capability  of  the  outdoor  unit  to  reject  signals 
appearing  in  the  image  band. 

3.10-2     Method  of  measurement 

The  arrangement  of  the  test  equipment  is  shown  in  figure  7  when  input  arrangement  a)  or 
b)  (see  2.2.4)  is  used,  and  in  figure  8  when  input  arrangement  c)  (see  2.2.4)  is  used.  The 
measurement  shall  be  made  under  the  following  conditions  and  procedure. 


3.10.2.1       Measuring  conditions 

a)    Desired  signal  frequency:  the  centre  frequencies  of  the  lowest  (L).  the  mid  (M)  and 
the  highest  (H)  channels  in  the  reception  band  (12  GHz  band). 
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b)  Interference  signal  frequency:  the  image  frequency  corresponding  to  each  desired 
signal  frequency. 

c)  Desired  signal  level:  -70  dB(mW)  when  Input  arrangement  a)  or  b)  Is  used,  or 
-94  dB{W/m2)  when  input  arrangement  c)  is  used. 

d)  Interference  signal  level  -40  dB{mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-64  dB{W/m2)  when  input  arrangement  c)  is  used. 

NOTE   -   Th9  image  frequency  can  be  calculated  by  the  following  expression: 

^,  =  2  /,-  ^3 
wfiere 

fj    =  image  frequency; 
/i    =  local  oscillator  frequency; 
f^  =  desired  signal  frequency. 

3.10.2.2      Measurement  procedure 

a)  The  desired  c.w.  signal  is  applied  and  set  to  the  test  signal  level.  The  signal  level 
Lp^  [dB(mW)]  that  appears  at  the  output  terminal  is  measured. 

b)  A  c.w.  interference  signal  corresponding  to  the  image  frequency  of  the  desired 
signal  in  a)  is  applied.  The  signal  level  Lp  [dB{mW)]  that  appears  at  the  output  terminal 
is  measured. 

c)  The  image  interference  ratio  is  given  by  the  value  Lp^~  /-p+30)  (dB),  where  30  dB  is 
a  value  that  provides  1he  correction  due  to  the  difference  between  the  desired  and  the 
interference  signal  level  at  the  input. 

d)  The  desired  and  corresponding  interference  signal  frequencies  are  changed  and 
steps  a),  b)  and  c)  are  repeated. 

NOTE  -  Tfie  directional  coupler  and  transmitting  antenna  should  be  checked  for  satisfactory  operation  at 
the  image  frequency. 

3.10.3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  A  graphical  example  is 
shown  in  figure  23. 


3.11     Spurious  responses 

3.11.1  Introduction 

This  method  of  measurement  determines  the  capability  of  the  outdoor  unit  to  suppress 
spurious  responses  caused  by  a  signal  other  than  the  image  frequency  signal. 

3.1 1 .2  Method  of  measiifemenf 

The  arrangement  of  the  test  equipment  is  shown  in  figure  7  when  input  arrangement  a) 
or  b)  (see  2.2.4)  is  used,  and  in  figure  8  when  input  arrangement  c)  (see  2.2.4)  is  used. 
The  measurement  shall  be  made  according  to  the  following  conditions  and  procedure. 
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3.11.2.1       Measuring  co  nditio  n  s 


a)    Desired  signal  frequency:  the  centre  Irequencies  of  the  lowest  (L),  the  mid  (M)  and 
the  highest  (H)  channels  in  the  reception  band  {12  GHz  band). 


b)  Desired  signaf  level:  -70  dB{mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-94  dB(W/m2)  when  input  arrangement  c)  is  used. 

c)  Interference  signal  frequency:  from  7.8  GHz  to  15  GHz. 

d)  Interference  signal  level:  -40  dB(mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-64  dB(W/m2)  when  input  arrangement  c)  is  used. 

NOTES 

1  An  example  of  a  frequency  /  [GHz]  at  which  spurious  response  tends  to  occur  is  expressed  by  the 
formula: 

where 

f^  =  desired  signal  frequency; 

f,  =  local  oscillation  frequency; 

2  When  input  arrangement  c)  is  used,  appropriate  transmitting  antennas  should  be  prepared  considering 
the  wide  frequency  range  of  the  interference  signal. 

3. 11 .2.2      Measurement  procedure 

a)  A  desired  c.w.  signal  is  applied  and  set  to  the  test  signal  level.  The  signal  level 
tpQ  [dB(mW)]  that  appears  at  the  output  terminal  is  measured. 

b)  A  c.w.  interfering  signal  is  applied  alone.  When  any  output  appears  at  the  output 
terminal  around  the  frequency  of  the  desired  output  signal,  a  fine  frequency  adjustment 
Is  made  so  that  the  output  level  becomes  maximum.  The  input  frequency  f  (GHz)  and 
output  signal  level  Lp  [dB{mW)]  are  measured. 

c)  The  spurious  response  suppression  ratio  is  given  by  the  value  {Lp^-  /-p+30)  (dB), 
where  30  dB  takes  into  account  the  difference  between  the  desired  and  the  interference 
signal  levels  applied  at  the  input. 

d)  The  interference  signal  frequency  is  changed  and  steps  a),  b)  and  c)  are  repeated. 

e)  The  desired  and  the  corresponding  interference  signal  frequencies  are  changed  and 
steps  a),  b),  c)  and  d)  are  repeated. 

NOTES 

1  A  c.w,  signal  generator  with  sufficiently  low  spurious  frequency  components  should  be  used. 

2  Since  a  frequency  lower  than  10  GHz  can  be  outside  the  directional  coupler  frequency  range,  the 
coupling  coefficient  of  the  directional  coupler  should  be  checked  and  calibrated. 

3.1 1 .3     Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  The  graph  showing  the 
suppression  ratio  is  plotted  with  the  input  signal  frequency  as  the  abscissa  and  the  ratio 
as  the  ordinate.  Suppression  ratios  greater  than  60  dB  may  be  omitted  in  the  graph. 
A  graphical  example  is  shown  in  figure  24. 
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3.12     intermediate  frequency  beat  suppression  ratio 

3.12.1  Introduction 

This  method  of  measurement  determines  the  capability  of  the  outdoor  unit  to  suppress  the 
beat  interference  caused  by  signals  at  a  frequency  equivalent  to  the  sum  or  difference  of 
the  desired  signal  frequency  and  the  intermediate  frequency. 

3.12.2  Method  of  measurement 

The  desired  and  the  interfering  signals  are. applied  simultaneously  at  the  input  terminal 
and  the  beat  signal  level  appearing  at  the  output  terminal  is  measured.  The  arrangement 
of  the  test  equipment  is  shown  in  figure  12  when  input  arrangement  a)  or  b)  (see  2.2.4)  is 
used,  and  in  figure  13  when  input  arrangement  c)  (see  2.2.4)  is  used.  The  measurement 
shall  be  made  according  to  the  following  conditions  and  procedure. 

3.12.2.1  Measuring  conditions 

a)  Desired  signal  frequency  {f^):  the  centre  frequencies  of  the  lowest  (L),  the  mid  (M) 
and  the  highest  (H)  channels  in  the  reception  band  (12  GHz  band). 

b)  Interference  signal  frequency:  f^  ±  A  +  5  (MHz),  where  f.^  is  the  first  intermediate 
frequency. 

c)  Desired  signal  level:  -70  dB(mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-94  dB(W/m2)  when  input  arrangement  c)  is  used. 

d)  Interference  signal  level:  -40  dB(mW)  when  input  arrangement  a)  or  b)  is  used,  or 
-64  dB(W/m2)  when  input  arrangement  c)  is  used. 

NOTE  -  The  interference  signal  frequency  has  a  +5  MHz  offset  to  separate  the  interference  signal  output 
from  the  desired  signal  output. 

3.12.2.2  Measurement  procedure 

a)  The  desired  c.w.  signal  is  applied  and  set  to  the  test  signal  level.  The  signal  level 
Lp^  [dB(mW)]  that  appears  at  the  output  terminal  is  measured. 

b)  The  desired  and  undesired  c.w.  signals  are  applied  simultaneously.  The  beat  inter- 
ference signal  level  Lp  [dB(mW)l  that  appears  at  the  output  terminal  is  measured. 

c)  The  intermediate  frequency  beat  interference  ratio  is  given  by  the  value 
(Lp^-  Lp+30)  (dB).  where  30  dB  is  a  value  that  provides  the  correction  due  to  the 
difference  between  the  desired  and  the  interference  signal  levels  at  the  input. 

d)  The  desired  signal  frequency  is  changed  and  steps  a),  b)  and  c)  are  repeated. 

3.12.3  Presentation  of  the  results 

The  results  shall  be  listed  in  a  table  and/or  presented  graphically.  A  graphical  example  is 
shown  in  figure  25. 
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3.13     Local  oscillator  frequency  stability 

3.13.1  Introduction 

This  method  of  measurement  determines  the  variations  of  the  local  oscillator  frequency  of 
the  outdoor  unit  due  to: 

-  warm-up  of  the  SHF  converter; 

-  environmental  temperature  variations; 

-  power  supply  voltage  variations. 

3.13.2  Method  of  measurement 

A  constant  frequency  test  signal  is  applied  to  the  input  terminal  of  the  outdoor  unit  and  the 
changes  of  the  output  signal  frequency  are  measured  at  the  output  terminal.  The  local 
oscillator  frequency  is  obtained  from  the  difference  between  the  frequencies  of  the  input 
signal  and  the  output  signal.  The  arrangement  of  the  test  equipment  is  shown  in  figure  26 
if  input  arrangement  a)  or  b)  (see  2.2.4}  is  used,  and  in  figure  27  if  input  arrangement  c) 
(see  2.2.4)  is  used.  The  measurement  shall  be  made  according  to  the  following  conditions 
and  procedure. 

3.13.2.1  Measuring  conditions 

a)  Test  frequency:  the  centre  frequency  of  the  mid  channel  in  the  reception  band 
(12  GHz  band). 

b)  Test  signal  level:  -60  dB(mW)  when  input  arrangement  a)  or  b)  is  used,  and 
-84  dB(W/m2)  when  input  arrangement  c)  is  used. 

c)  Environmental  temperatures:  -30  °C,  0  °0,  25  **C  and  50  *C. 

d)  Power  supply  range:  from  -12  %  to  +10  %  of  the  rated  voltage. 

3. 1 3.2.2  Measurement  procedure 

a)  A  c.w.  test  signal  is  applied  at  the  test  signal  level,  and  the  frequency  f^  (GHz)  is 
measured. 

b)  Switch  SW  is  set  to  position  "2"  and  the  frequency  f^^  (GHz)  of  the  intermediate 
frequency  signal  is  measured  at  the  output  terminal. 

c)  The  local  oscillation  frequency  is  given  by  the  value  (''q-^j,)  (GHz). 

d)  Steps  a),  b)  and  c)  are  repeated  under  the  following  conditions: 

i)    from  1  min  after  the  power  supply  (at  its  rated  value)  is  switched  on  to  the  time 
when  the  local  oscillator  frequency  stabilizes  at  room  temperature; 

ii)   at  the  environmental  temperatures  given  above,  after  the  local  oscillator  has 

stabilized,  following  a  change  in  temperature; 

iii)  at  the  minimum  and  maximum  values  of  the  power  supply. 

NOTES 

1  The  tocai  oscillator  frequency  component  that  leaks  at  the  input  terminal  or  the  output  terminal  can  be 
directly  measured  using  a  highly  sensitive  frequency  counter  or  a  spectrum  analyzer  as  a  simplified  method. 

2  Erroneous  counting  may  occur  if  the  frequency  counter  input  level  is  inappropriate. 

3.13.3     Presentation  of  the  results 

The  results  shall  be  listed  in  tables  and/or  presented  graphically.  Graphical  examples  are 
shown  in  figures  28  and  29. 
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SMA  connector  — 
(plug) 


Glass-p.t.t.e.  substrate 
(0.8  mm  thick) 


SMA  connector 
(jack) 


^T)  Wedge  type  capacitance  1  000  pF 

(2}   Choke  coil,  around  30  nH 

(3)   Feed  through  capacitance  1  000  pF 

Figure  1  -  Example  of  a  bias  network 


Spectrum 
analyzer 


AC  or  DC 
power  supply 


■W- 


Outdoor 
unit 


NOTE  -  Reverse  connection  of  the  bias  network  is  likely  to  cause 
damage  to  the  spectrum  analyzer. 

Figure  2  ~  Connection  of  a  bias  network 
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Receiving 
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Transmitting 
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Figure  3  -  An  example  of  a  slant  antenna  range  setting 
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NOTE  -  The  directional  coupler  employed  shall  satisfy  the  characteristics 
of  directivity  larger  than  20  dB  and  a  coupling  factor  of  around  10  dB. 

Figure  4  -  Circuit  arrangement  for  the  measurement  of  polarization 
isolation.  Input  arrangement  c)  (see  2.2.4)  Is  used 
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power  supply- 

1 

Bias 
network 

* 

Matched 
load 

Spectrum 
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NOTES 

1  The  directional  coupler  employed  shall  satisfy  the  following  characteristics: 

-  VSWR  less  than  1,05; 

-  directivity  larger  than  35  dB; 

-  coupling  factor  around  10  dB. 

2  The  amplifier  employed  shall  cover  the  frequency  range  of  the  satellite  broadcast  band  and 
have  a  gain  larger  than  40  dB.  Another  SHF  converter  can  be  utilized  instead  of  the  amplifier. 

Figure  5  -  Circuit  arrangement  lor  the  measurement  ot  the  impedance  matching 
at  the  input  terminal 


Shorting 

unit 

AC  or 

DC 

power  supply 

Outd< 

3or    , 

■s^^ 

Output 
^port 

Signal 
generator 

— p- 

Variable 
attenuator   " 

SWR 
bridge 

unit 

r 

^ 

r 

^ 

_ 

Matched 
load 

Bias 
network 

■4— 

\ 

^ 

' 

t 

SHF 

\o 

utput 

Spectrum 
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NOTES 

1  The  SWR  bridge  shall  have  a  residual  VSWR  of  less  than  1,05. 

2  The  bias  network  shall  have  a  residual  VSWR  of  less  than  1.1. 

Figure  6  -  Circuit  arrangement  for  the  measurement  of  the  impedance  matching 
at  the  output  terminal.  The  input  terminal  of  the  SHF  converter  shall 
be  terminated  with  a  matched  load  when  input  arrangement  a)  or  b) 
(see  2.2.4)  is  used,  or  the  outdoor  unit  antenna  shall  be  oriented 
iowards  Ihe  sky,  avoiding  any  satellite  reception,  when  input 
arrangement  c)  (see  2.2.4)  is  used 
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NOTE  -  The  second  variable  attenuator  shall  be  able  to  change  the  attenuation  from 
0  dB  to  50  dB  continuously  with  direct  reading. 

Figure  7  -  Circuit  arrangement  for  the  measurement  of  the  gain  versus  frequency 
characteristics,  the  output  signal  level  versus  the  input  signal  level, 
the  image  suppression  ratio,  and  the  spurious  response  suppression 
ratio  when  input  arrangement  a)  or  b)  (see  2.2.4)  is  used 
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NOTE  •  The  second  variable  attenuator  shall  be  able  to  change  the  attenuation 
from  0  dB  to  50  dB  continuously  with  direct  reading. 

Figure  8  -  Circuit  arrangement  for  the  measurement  of  the  gain  versus  frequency 
characteristics,  the  output  signal  level  versus  the  input  signal  level, 
the  image  suppression  ratio,  and  the  spurious  response  suppression 
ratio  when  input  arrangement  c)  (see  2.2.4)  is  used 
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Figure  9  -  Example  of  the  gain  variation  as  a  function  of  the  channel 
number 
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Figure  10  -  Example  of  the  gain  variation  in  a  channel  as  a  function 
of  the  frequency  difference  from  the  channel  centre 
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Figure  11  -  Example  of  the  output  signal  level  as  a  function  of  the  input 
signal  level  at  three  representative  channels 
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NOTES 

1  The  variable  band-pass  filter  shall  cover  the  i.f.  band  of  the  SHF  converter  and  have  a  pass 
band  width  of  about  20  MHz. 

2  The  variable  attenuator  (3)  shall  be  able  to  change  the  attenuation  from  0  dB  to  50  dB 
continuously  with  direct  reading. 

Figure  12  -  Circuit  arrangement  for  the  measurement  of  the  intermodulation 
and  the  intermediate  frequency  beat  suppression  ratio  when  input 
arrangement  a)  or  b)  (see  2.2.4)  is  used 
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NOTES 

1  The  variable  band-pass  filter  shall  cover  the  if.  band  of  the  SHF  converter  and  have  a  pass 
band  width  of  about  20  MHz. 

2  The  variable  attenuator  (3)  shall  be  able  to  change  the  atteiiuation  from  0  dB  to  50  dB 
continuously  with  direct  reading. 

Figure  13  -  Circuit  arrangement  for  the  measurement  of  the  intermodulation 
and  the  intermediate  frequency  beat  suppression  ratio  when  input 
arrangement  c)  (see  2.2.4}  is  used 
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Figure  14  -  Example  of  the  intermodulation  suppression  ratio  as 
a  function  of  the  input  signal  level  for  two  kinds  of 
interference  signals 
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Figure  15  -  Circuit  arrangement  for  the  measurement  of  noise  figure  and 
noise  temperature 
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Figure  16  -  ExampJe  of  the  noise  figure  as  a  function  of  the  channel 
number  at  two  ambient  temperatures 
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NOTES 

1  The  isolator  shall  have  a  VSWR  of  Jess  than  1 .05. 

2  The  standard  antenna  shall  be  a  horn  antenna  which  transmits/receives  linearly  polarized 
waves  and  has  a  gain  of  more  than  20  dB.  It  should  be  calibrated  at  the  test  frequencies. 

3  The  transmitting  antenna  shall  have  the  same  polarization  characteristics  as  the  antenna 
under  test. 


Figure  17  -  Circuit  arrangement  for  the  measurement  of  G/T 
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Figure  18  -   Example  of  the  G/T  as  a  function  of  frequency 
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Figure  19  -  Circuit  arrangement  for  the  measurement  of  G/T 
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Figure    20    -    Spectrum   of   satellite 
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Figure  21  -  Spectrum  of  satellite 
broadcasting  wave  converted  Into  an 
unmodulated  wave 
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Figure  22  -  Spectmm  in  the  reference 
signal  simultaneous  display  system 
(reference  signal  is  at  left  and  measur- 
ing signal  at  right) 
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Figure  23  -  Example  of  the  image  suppression  ratio  as  a  function  of 

the  channel  number 
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Figure  24  -   Example  of  the  spurious  response  suppression  ratio  as  a  function 
of  the  interference  signal  frequency 
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Figure  25  -  Example  of  the  intermediate  frequency  beat  suppression  ratio  as 
a  function  of  the  channel  number 
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Figure  26  -  Circuit  arrangement  for  the  measurement  of  the  local  oscillator  frequency 
stability  when  input  arrangement  a)  or  b)  (see  2.2.4)  is  used 
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NOTE  -  A  climatic  chamber  of  adequate  size  is  required. 

Figure  27  -  Circuit  arrangement  for  the  measurement  of  the  local  oscillator  frequency 
stability  when  input  arrangement  c)  (see  2.2.4)  is  used 
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Figure  28  -  Example  of  the  inltJal  variation  of  the  local  oscillator  frequency 
a  function  of  time  at  room  temperature 
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Figure  29  -  Example  of  the  local  oscillator  frequency  drift  as  a  function  of  the 
ambient  temperature 
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